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DESCRIPTION 




Technical Field 

[0001] The present invention relates to a membrane electrode assembly 
for polymer electrolyte fuel cells, and in particular, relates to a membrane 
electrode assembly for polymer electrolyte fuel cell in which efficiency 
deterioration when there is a shortage of fuel is reduced. 

Background Art 

[0002] A unit of a polymer electrolyte fuel cell is formed by laminating 
separators at both sides of a tabular membrane electrode assembly (MEA), 
and then plural units are laminated to form a fuel cell stack. The 
membrane electrode assembly is a layered structure in which a polymer 
electrolyte membrane is arranged between a pair of gas diffusion electrodes 
forming a cathode and an anode. The gas diffusion electrode is a structure 
in which a gas diffusion layer is formed on an outer surface of an electrode 
catalytic layer contacting the electrolyte membrane. In such a fuel cell, 
hydrogen gas supplied through a gas passage of the separator facing on the 
gas diffusion electrode of the anode and oxidizing gas supplied through a 
gas passage of the separator facing on the gas diffusion electrode of the 
cathode electrochemically react and thereby generate electricity. 
[0003] In an operation of the fuel cell, the gas diffusion layer conducts 
electrons generated by the electric chemical reaction between the electrode 
catalytic layer and the separator, and at the same time, diffuses fuel gas and 
oxidizing gas. Protons (H*) and electrons are generated from the fuel gas 
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in the anode electrode catalytic layer, water is generated from oxygen, 
protons, and electrons in the cathode electrode catalytic layer, and protons 
are ion conducted through the electrolyte membrane. As a result, electric 
power can be obtained between the electrode catalytic layers of cathode 
and anode. 

[0004] During driving of vehicles or the like, power output sometimes 
varies greatly. Therefore, in the case in which the above-mentioned 
polymer electrolyte fuel cell is used as a power source, fuel gas cannot be 
supplied sufficiently to meet the required amount of fuel gas. In this case, 
fuel gas runs short temporarily in the membrane electrode assembly. 
During the circumstance of fuel shortage, current is maintained by using 
protons supplied from the electrolysis of water shown in following formula 

(1). 

2H 2 0 -> 4H+ + 4e+0 2 (1) 
[0005] Furthermore, in the case in which the fuel shortage continues more 
in the circumstances promoting the electrolysis of water, the following 
corrosion reaction of carbon (2) may occur. 

2H 2 0 + C-+4H" + 4e> C0 2 (2) 
[0006] In the reaction (2), carbon black which is a support body of the 
catalyst is corroded, and power generation efficiency of the membrane 
electrode assembly is deteriorated. 

[0007] To solve such a problem, a technique in which corrosion resistance 
of carbon is improved by increasing supported ratio of catalyst or by using 
carbon having higher corrosion resistance is disclosed in Patent Application 
Publication No. 01/15254). Furthermore, from the viewpoint of the above 
reaction of formula (1), a technique in which catalyst promoting 
electrolysis of water is added to the anode catalytic layer (Patent 
Application Publications No. 01/15247 and No. 01/15255), a technique in 



which material to increase water amount is added to the anode catalytic 
layer or diffusion layer (Patent Application Publications No. 01/15255 and 
No. 01/15249) or the like are disclosed. 

[0008] The conventional techniques mentioned above are effective in a 
temporary fuel shortage; however, in the case in which fuel shortage occurs 
repeatedly in practical operations or in the case of a rated operation, there is 
a problem of the flooding phenomenon. Flooding is a phenomenon in 
which micropores of gas diffusion flow passage in the anode catalytic layer 
are filled with water, and therefore gas diffusion is inhibited. The 
flooding inhibits supply of fuel gas, enlarges the area of fuel shortage in the 
anode (fuel gas electrode), and promotes corrosion reaction of carbon, and 
as a result, deteriorates efficiency of the membrane electrode assembly. 

DISCLOSURE OF THE INVENTION 

[0009] The present invention was completed in view of the 

above-mentioned circumstances. An object of the present invention is to 

provide a membrane electrode assembly for polymer electrolyte fuel cell in 

which efficiency deterioration at shortage of fuel is restrained. 

[0010] In the membrane electrode assembly for polymer electrolyte fuel 

cell of the present invention having a polymer electrolyte membrane, a 

cathode and an anode both having catalytic layers and diffusion layers, the 

anode diffusion layer has characteristics (1) to (3) below. 

(1) water holding layer which contains 5 to 20 wt% of water holding 

material improving water holding property to the total amount of electron 

conductive material and water holding material, is arranged on 

carbon-based material, or carbon particles whose water absorption amount 

at saturated water vapor pressure at 60°C is not less than 150 cc/g is 

contained, 



(2) water absorption ratio of the anode diffusion layer at 60°C is in a range 
of 40 to 85%, and 

(3) differential pressure measured by a differential pressure measuring 
method is in a range of 60 to 120 mmaq, and ratio of quantity of electric 
charge of catalytic material of the cathode catalytic layer existing in a 
proton conductive passage from the polymer electrolyte membrane 
measured by a cyclic voltammetric method is not less than 15% to the 
quantity of electric charge of all the catalytic material existing in the 
cathode catalytic layer. 

[0011] In the present invention, the anode catalytic layer does not have a 
water holding property; however, the water holding layer in which water 
holding material is contained at 5 to 20 wt% to the total amount of the 
electron conductive material and the water holding material, is arranged on 
the carbon-based material, or alternatively, carbon particles having water 
absorption amount at saturated water vapor pressure at 60°C is not less than 
150 cc/g, are contained. Therefore, water absorption ratio of the anode 
diffusion layer at 60°C is in a range of 40 to 85%, and the anode diffusion 
layer has high water holding property. In the case in which fuel runs short, 
water is supplied from the anode diffusion layer to the anode catalytic layer, 
the water is electrolyzed in the anode catalytic layer, protons are supplied to 
the polymer electro lyte membrane. 

[0012] In this way, in the membrane electrode assembly for polymer 
electrolyte fuel cell of the present invention, since the water is supplied to 
the anode catalytic layer only at shortage of fuel, flooding does not occur in 
the anode catalytic layer, and on the other hand, since water is electrolyzed 
in the anode catalytic layer during the shortage of fuel, corrosion reaction 
of carbon which is a next step of electrolysis of water can be restrained. 
[0013] In a membrane electrode assembly for polymer electrolyte fuel cell 



of another preferred embodiment of the present invention, having a 
polymer electrolyte membrane, and an anode and a cathode both having 
catalytic layers and diffusion layers, the anode diffusion layer has 
characteristics (1) to (4) below. 

(1) a layer having fluorine resin and carbon particles having water 
absorption amount at saturated water vapor pressure at 60°C of not less 
than 150 cc/g, is arranged on a carbon-based material which is processed to 
be hydrophilic and to have a contact angle with water of not more than 90°, 

(2) water absorption ratio of the anode diffusion layer at 60 °C is in a range 
of 40 to 85%, 

(3) penetration resistance measured by a penetration resistance method is 
not more than 5 mQ, and 

(4) differential pressure measured by a differential pressure measuring 
method is in a range of 60 to 120 mmaq, and ratio of quantity of electric 
charge of catalytic material of the cathode catalytic layer existing in a 
proton conductive passage from the polymer electrolyte membrane 
measured by a cyclic voltammetric method is not less than 15% to the 
quantity of electric charge of all the catalytic material existing in the 
cathode catalytic layer. 

[0014] In this embodiment, the anode catalytic layer does not have a 
water holding property; however, a carbon-based material of the anode 
diffusion layer is processed to be hydrophilic, and that carbon particles 
having water absorption amount at saturated water vapor pressure at 60°C 
of not less than 150 cc/g, are contained. Therefore, water absorption ratio 
of the anode diffusion layer at 60°C is in a range of 40 to 85%, and the 
anode diffusion layer has high water holding property. In the case in 
which fuel runs short, water is supplied from the anode diffusion layer to 
the anode catalytic layer, the water is electrolyzed in the anode catalytic 



layer, and protons are supplied to the polymer electrolyte membrane. 
[0015] Furthermore, in a membrane electrode assembly for polymer 
electrolyte fuel cell of another desirable embodiment of the present 
invention, having a polymer electrolyte membrane, and an anode and a 
cathode both having catalytic layers and diffusion layers: 
the catalytic layers have at least catalyst, carbon particles supporting the 
catalyst, and polymer electrolyte; 

the cathode catalytic layer contains void forming agent; 

the diffusion layers have a layer containing carbon particles and fluorine 

resin on carbon-based material; 

the carbon particles in the anode diffusion layer has water absorption 
amount at saturated water vapor pressure at 60°C of not less than 150 cc/g; 
the carbon particles in the cathode diffusion layer has water absorption 
amount at saturated water vapor pressure at 60°C of not more than 150 

cc/g; 

water absorption ratio of the anode diffusion layer at 60°C is in a range of 
40 to 85%, 

differential pressure of the anode diffusion layer and the cathode diffusion 
layer measured by a differential pressure measuring method is in a range of 
60 to 120 mmaq; 

penetration resistance measured by a penetration resistance method is not 
more than 5 mQ; and 

ratio of quantity of electric charge of catalytic material of the cathode 
catalytic layer existing in proton conductive passage from the polymer 
electrolyte membrane measured by a cyclic voltammetric method is not 
less than 15% to the quantity of electric charge of all the catalytic material 
existing in the cathode catalytic layer. 

[0016] In this embodiment, carbon particles having water absorption 



amount at saturated water vapor pressure at 60°C of not less than 150 cc/g, 
are contained in the anode diffusion layer, carbon particles having water 
absorption amount at saturated water vapor pressure at 60°C of not more 
than 150 cc/g, are contained in the cathode diffusion layer, and water 
absorption ratio of the anode diffusion layer at 60°C is in a range of 40 to 
85%. Therefore, amount of water of reverse diffusion from the cathode to 
the anode is increased, and water holding property of the anode diffusion 
layer is high. In the case in which fuel runs short, water is supplied from 
the anode diffusion layer to the anode catalytic layer, the water is 
electrolyzed in the anode catalytic layer, protons are supplied to the 
polymer electrolyte membrane. 

[0017] Furthermore, in a membrane electrode assembly for polymer 
electrolyte fuel cell of another desirable embodiment of the present 
invention, carbon-based material of the anode diffusion layer is processed 
to be hydrophilic and to have a contact angle with water of not more than 
90°, and carbon-based material of the cathode diffusion layer is processed 
to be hydrophobic and to have a contact angle with water of not less than 
130°. In this embodiment, the anode diffusion layer can have high water 
holding property, reverse diffusion of generated water and supplied water 
from the cathode to the anode can be performed efficiently, electrolysis of 
water in the anode catalytic layer can be promoted, and corrosion reaction 
of carbon can be restrained more. 

[0018] In the membrane electrode assembly for polymer electrolyte fuel 
cell of the present invention, since constituent elements except for the 
cathode catalytic layer, cathode diffusion layer, and anode diffusion layer 
are not limited in particular, these constituent elements are explained 
below. 

[0019] The anode diffusion layer of membrane electrode assembly for 



polymer electrolyte fuel cell of the first and second embodiments of the 
present invention, can be consist of (1) carbon-based material, (2) a layer 
containing carbon particles and fluorine resin arranged thereon, and (3) a 
layer containing carbon particles, polymer electrolyte, void forming agent, 
and water holding material further arranged thereon. Alternatively, it can 
be consist of (1) carbon-based material and (2) a layer containing carbon 
particles, fluorine resin, and water holding material arranged thereon. 
[0020] Furthermore, the anode diffusion layer of the present invention is 
required to have water absorption ratio at 60°C in a range of 40 to 85% by 
arranging water holding layer containing 5 to 20 wt% of water holding 
material which increases water holding property to the total amount of 
electron conductive material and water holding material, on the 
carbon-based material, or by containing carbon particles having water 
absorption amount at saturated water vapor pressure at 60°C of not less 
than 150 cc/g. Fig. 1 is a graph showing a relationship of content ratio of 
the water holding material to the total amount of electron conductive 
material and water holding material, and voltage decrease. Fig. 2 is a 
graph showing a relationship of water absorption amount of carbon 
particles and voltage decrease. As is clear from these figures, if the 
content ratio of the water holding material is in a range of 5 to 20 wt%, or 
if the water absorption amount of the carbon particles is not less than 150 
cc/g, voltage decrease is not more than 30 mV, and desirable voltage 
efficiency is exhibited. Fig. 3 is a graph showing a relationship of water 
absorption ratio of the anode diffusion layer at 60°C and voltage decrease. 
As is clear from Fig. 3, if the water absorption ratio of the anode diffusion 
layer is in a range of 40 to 85%, voltage decrease is not more than 30 mV, 
and desirable voltage efficiency is exhibited. On the other hand, if the 
content amount of the water holding material or water absorption amount 
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of the carbon particles are below the range mentioned above, water 
absorption ratio of the anode diffusion layer is too low, and the 
above-mentioned effect cannot be obtained. If the content amount of the 
water holding material or water absorption amount of the carbon particles 
are above the range mentioned above, water absorption ratio of the anode 
diffusion layer is too high, gas supplying property is deteriorated by 
flooding phenomenon, and fuel shortage area is increased. As the water 
holding material of the present invention, oxides such as zeolite, y-alumina, 
or silica can be used. 

[0021] In the present invention, differential pressure measured by a 
differential pressure measuring method must be in a range of 60 to 120 
mmaq. Fig. 4 is a graph showing a relationship of differential pressure of 
the anode diffusion layer and voltage decrease. As is clear from Fig. 4, if 
the differential pressure of the anode diffusion layer is in a range of 60 to 
120 mmaq, voltage decrease is not more than 30 mV, and desirable voltage 
efficiency is exhibited. On the other hand, if the differential pressure is 
above 120 mmaq, gas supplying property is deteriorated, and fuel shortage 
area is increased. If the differential pressure is below 60 mmaq, supplying 
protons only by electrolysis of water is not sufficient since the water 
exhausting property is high, and corrosion reaction of carbon material in 
the anode is promoted. The differential pressure measuring method 
mentioned herein is a method in which anode diffusion layer is set and held 
at mid-stream of a gas flow passage, a pre-determined flow amount of 
reaction gas is flowed, pressures in front of and behind the anode diffusion 
layer are measured, and the difference in the pressures is calculated. 
[0022] Furthermore, if adhesion of the polymer electrolyte membrane and 
the anode catalytic layer is not sufficient, protons generated by electrolysis 
of water cannot be supplied to the polymer electrolyte membrane 



appropriately. Therefore, in the present invention, appropriate degree of 
adhesion is expressed by a measured value of the cyclic voltammetric 
method. That is, adhesion ratio in the present invention is defined by the 
following formula. 

Adhesion ratio (%) = (Measured value by cyclic voltammetric method 
under condition of one side humidified) / (Measured value by cyclic 
voltammetric method under condition of both side humidified) x 100 

The cyclic voltammetric method under conditions of both sides humidified 
as mentioned herein is a method in which humidified gas is supplied to 
both anode and cathode to humidify the entire electrode assembly and the 
amount of electric charge of all the catalytic material of all of the electrode 
catalytic layer depending on electrochemical surface area is measured. 
On the other hand, the cyclic voltammetric method under conditions of one 
side humidified as mentioned herein is a method in which humidified gas is 
supplied only from the anode, the water supplied from the anode is 
dispersed only to conductive passages of the polymer membrane of the 
cathode side, and the amount of electric charge of the catalytic material of 
the cathode catalytic layer existing from the polymer electrolyte membrane 
to proton conductive passages depending on electrochemical surface area is 
measured. If the amount of the catalytic material of the cathode catalytic 
layer existing from the polymer electrolyte membrane to proton conductive 
passages becomes larger, the adhesion ratio becomes larger and the 
catalytic material is effectively used. 

[0023] Fig. 5 is a graph showing a relationship of adhesion ratio and 
voltage decrease. As is clear from Fig. 5, if the adhesion ratio is not less 
than 15%, voltage decrease is not more than 30 mV, and desirable voltage 
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efficiency is exhibited. Therefore, in the present invention, it is necessary 
that the ratio of quantity of electric charge of catalytic material of the 
cathode catalytic layer existing in proton conductive passage from the 
polymer electrolyte membrane measured by the cyclic voltammetric 
method be not less than 15% of the quantity of electric charge of all of the 
catalytic material existing in the cathode catalytic layer. 
[0024] In the electrode assembly of the present invention, it is desirable 
that a resistance overvoltage loss at 1 A/cm be less than 10 mV. Fig. 6 is 
a graph showing the relationship of penetration resistance and voltage loss 
at 1 A/cm . As is clear from Fig. 6, if the penetration resistance is not 
more than 5 mQ, the voltage loss at 1 A/cm 2 is less than 10 mV, and 
desirable voltage efficiency is exhibited. 

[0025] Furthermore, carbon-based material of the anode diffusion layer in 
third embodiment is limited to the carbon material which is processed to be 
hydrophilic and not more than 90° of contact angle with water. It is 
necessary to prepare water absorption ratio of the anode diffusion layer at 
60°C in a range of 40 to 85% by arranging a layer having fluorine resin and 
carbon particles whose water absorption amount at saturated water vapor 
pressure at 60°C is not less than 150 cc/g, on this carbon-based material. 
Fig. 7 is a graph showing a relationship of contact angle of the carbon-based 
material with water and voltage decrease. As is clear from Figs. 7 and 2, 
if the contact angle of carbon-based material with water is not more than 
90° and if the water absorption amount of the carbon particles is not less 
than 150 cc/g, voltage decrease is not more than 30 mV, desirable voltage 
efficiency is exhibited. Fig. 8 is a graph showing a relationship of water 
absorption ratio of the anode diffusion layer at 60°C and the voltage 
decrease. Also in this embodiment, as is clear from Fig. 8, if the water 
absorption ratio of the anode diffusion layer is in a range of 40 to 85%, 
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voltage decrease is not more than 30 mV, desirable voltage efficiency is 
exhibited. However, if the contact angle of the carbon-based material is 
above the range, water absorbed in the anode diffusion layer goes to the 
anode catalytic layer, flooding phenomenon occurs in the anode catalytic 
layer, gas supplying property is deteriorated, and area of fuel shortage 
under fuel shortage conditions is enlarged. If the water absorption amount 
of the carbon particles is below the range, the effect of the present 
invention cannot be obtained since the water absorption ratio is too low. 
On the other hand, the water absorption amount of the carbon particles is 
above the range, gas supplying property is deteriorated by the flooding 
phenomenon and area of fuel shortage under fuel shortage conditions is 
enlarged since the water absorption ratio of the anode diffusion layer is too 
high. 

[0026] Also, in this embodiment, according to the same reason mentioned 
above, it is necessary that the differential pressure measured by the 
differential pressure measuring method be in a range from 60 to 120 mmaq. 
Fig. 9 is a graph showing a relationship of the differential pressure of the 
anode diffusion layer and the voltage decrease. 

[0027] Fig. 10 is a graph showing a relationship of adhesion ratio and the 
voltage decrease in this embodiment. As is clear from Fig. 10, if the 
adhesion ratio is not less than 15%, the voltage decrease is not more than 
30 mV, desirable voltage efficiency is exhibited. Therefore, in the present 
invention, it is necessary that the ratio of the quantity of electric charge of 
catalytic material of the cathode catalytic layer existing in proton 
conductive passage from the polymer electrolyte membrane measured by a 
cyclic voltammetric method be not less than 15% to the quantity of electric 
charge of all the catalytic material existing in the cathode catalytic layer. 
[0028] In an electrode assembly for the polymer electrolyte fuel cell of 
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the forth embodiment of the present invention, void forming agent is added 
to the cathode catalytic layer to prevent flooding in the cathode catalytic 
layer, and water-repellant carbon particles are used in the cathode diffusion 
layer to supply water which is generated in the cathode or supplied from 
outside, to the anode side smoothly by reverse diffusion. It is necessary 
that this water repellant carbon particle have water absorption amount at 
saturated water vapor pressure at 60°C of less than 150 cc/g. Fig. 11 is a 
graph showing a relationship of water absorption amount of the carbon 
particles in the cathode diffusion layer of this embodiment and voltage 
decrease. As is clear from Fig. 1 1, if the water absorption amount of the 
carbon particles in the cathode diffusion layer is less than 150 cc/g, voltage 
decrease is not more than 30 mV, desirable voltage efficiency is exhibited. 
[0029] Since hydrophilic carbon particles are used in the anode diffusion 
layer of this embodiment, water can be retained. In the case in which fuel 
is in short supply, the retained water is supplied to the anode catalytic layer 
to promote electrolysis of water, generated protons are supplied to 
electrolyte membrane, and reverse diffusion water from the cathode side 
can also be used in the electrolysis of water in the anode catalytic layer. 
In this way, corrosion of carbon which is a next step of the electrolysis of 
water is difficult to occur. It is necessary that the hydrophilic carbon 
particle have water absorption amount at saturated water vapor pressure at 
60°C of not less than 150 cc/g. Fig. 12 is a graph showing a relationship 
of water absorption amount of carbon particles in the anode diffusion layer 
of this embodiment and voltage decrease. As is clear from Fig. 12, if the 
water absorption amount of the carbon particles in the anode diffusion layer 
is not less than 150 cc/g, voltage decrease is not more than 30 mV, 
desirable voltage efficiency is exhibited. Furthermore, it is necessary that 
the anode diffusion layer having high water holding property by adding the 
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hydrophilic carbon particles have water absorption ratio at 60°C in a range 
of 40 to 85%. Fig. 13 is a graph showing a relationship of water 
absorption ratio of the anode diffusion layer of this embodiment at 60 °C 
and voltage decrease. As is clear from Fig. 13, also in this embodiment, if 
the water absorption ratio of the anode diffusion layer is in a range of 40 to 
85%, voltage decrease is not more than 30 mV, desirable voltage efficiency 
is exhibited. 

[0030] It is desirable that the carbon-based material of the cathode 
diffusion layer of this embodiment be processed to be water-repellent and 
to have a contact angle with water of not less than 130°, and it is desirable 
that the carbon-based material of the anode diffusion layer be processed to 
have a contact angle with water of not more than 90°. In this way, balance 
of water holding property of the cathode and anode can be controlled, that 
is, not only can water be contained in the anode diffusion layer but also 
generated water in the cathode migrate to the anode to utilize the reverse 
diffusion water efficiently. In this way, electrolysis of water in the anode 
catalytic layer can be promoted more efficiently, to improve restraining 
effect of carbon corrosion reaction. Fig. 14 is a graph showing a 
relationship of contact angle of the carbon-based material with water in the 
cathode diffusion layer and voltage decrease, and Fig. 15 is a graph 
showing a relationship of contact angle of the carbon-based material with 
water in the anode diffusion layer and voltage decrease. As is clear from 
these Figs. 14 and 15, if the contact angle of the carbon-based material of 
the cathode diffusion layer is not less than 130° or if the contact angle of 
the carbon-based material of the anode diffusion layer is not more than 90°, 
voltage decrease is not more than 30 mV, and desirable voltage efficiency is 
exhibited. However, if the contact angle of the carbon-based material of 
the cathode diffusion layer is less than 130°, flooding phenomenon occurs 
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by the generated water in the cathode, reducing gas supplying property, and 
area of fuel shortage under fuel shortage conditions is enlarged. On the 
other hand, if the contact angle of the carbon-based material of the anode 
diffusion layer is more than 90°, water absorbed in the anode diffusion 
layer is migrated to the anode catalytic layer, flooding phenomenon occurs 
in the anode catalytic layer, reducing gas supplying property, and area of 
fuel shortage under fuel shortage conditions is enlarged. 
[003 1 ] Also in this embodiment, differential pressure of the cathode and 
anode measured by the differential pressure method must be in a range of 
60 to 120 mmaq. Fig. 16 is a graph showing a relationship of the 
differential pressure of the cathode diffusion layer and voltage decrease, 
and Fig. 17 is a graph showing a relationship of the differential pressure of 
the anode diffusion layer and voltage decrease. As is clear from Figs. 16 
and 17, if the differential pressure of the cathode diffusion layer and the 
anode diffusion layer is in a range of 60 to 120 mmaq, voltage decrease is 
not more than 30 mV, and desirable voltage efficiency is exhibited. The 
differential pressures of the anode diffusion layer and the cathode diffusion 
layer are closely associated with each other; for example, even if the water 
absorption ratio of anode diffusion layer at 60°C is in an appropriate range, 
gas diffusion water amount cannot be efficiently controlled in the case in 
which the differential pressure of the cathode diffusion layer is not in an 
appropriate range. 

[0032] Furthermore, if adhesion property of the polymer electrolyte 
membrane and the cathode catalytic layer is not sufficient, the 
above-mentioned reverse diffusion water cannot be supplied appropriately, 
and if adhesion property of the polymer electrolyte membrane and the 
anode catalytic layer is not sufficient, protons generated by electrolysis of 
water cannot be supplied to the polymer electrolyte membrane 
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appropriately. Therefore, in the present invention, the degree of 
appropriate adhesion property is expressed by a measured value by the 
cyclic voltammetric method. 

[0033] Fig. 10 is a graph showing a relationship of adhesion ratio and 
voltage decrease. As is clear from Fig. 10, if the adhesion ratio is not less 
than 15%, voltage decrease is not more than 30 mV, and desirable voltage 
efficiency is exhibited. Therefore, in the present invention, it is necessary 
that the ratio of quantity of electric charge of catalytic material of the 
cathode catalytic layer existing in proton conductive passage from the 
polymer electrolyte membrane measured by a cyclic voltammetric method 
be not less than 15% to the quantity of electric charge of all the catalytic 
material existing in the cathode catalytic layer. 

BRIEF DESCRIPTION OF DRAWINGS 

[0034] Fig. 1 is a graph showing a relationship of content ratio of water 
holding material to the total amount of electron conductive material and the 
water holding material and voltage decrease in the first and second 
embodiments. 

[0035] Fig. 2 is a graph showing a relationship of water absorption 
amount of carbon particles and voltage decrease in the first, second, and 
third embodiments. 

[0036] Fig. 3 is a graph showing a relationship of water absorption ratio 
of anode diffusion layer at 60°C and voltage decrease in the first and 
second embodiments. 

[0037] Fig. 4 is a graph showing a relationship of differential pressure of 
the anode diffusion layer and voltage decrease in the first and second 
embodiments. 

[0038] Fig. 5 is a graph showing a relationship of adhesion ratio and 
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voltage decrease in the first and second embodiments. 
[0039] Fig. 6 is a graph showing a relationship of penetration resistance 
and voltage loss at 1 A/cm in the first and second embodiments. 
[0040] Fig. 7 is a graph showing a relationship of contact angle of 
carbon-based material with water and voltage decrease in the first and 
second embodiments. 

[0041] Fig. 8 is a graph showing a relationship of water absorption ratio 
of the anode diffusion layer at 60°C and voltage decrease in the third 
embodiment. 

[0042] Fig. 9 is a graph showing a relationship of differential pressure of 
the anode diffusion layer and voltage decrease in the third embodiment. 
[0043] Fig. 10 is a graph showing a relationship of adhesion ratio and 
voltage decrease in the third and fourth embodiments. 
[0044] Fig. 1 1 is a graph showing a relationship of water absorption 
amount of carbon particles in the cathode diffusion layer and voltage 
decrease in the fourth embodiment. 

[0045] Fig. 12 is a graph showing a relationship of water absorption 
amount of carbon particles in the anode diffusion layer and voltage 
decrease in the fourth embodiment. 

[0046] Fig. 13 is a graph showing a relationship of water absorption ratio 
in the anode diffusion layer at 60°C and voltage decrease in the fourth 
embodiment. 

[0047] Fig. 14 is a graph showing a relationship of contact angle of 
carbon-based material with water in the cathode diffusion layer and voltage 
decrease in the fourth embodiment. 

[0048] Fig. 15 is a graph showing a relationship of contact angle of 
carbon-based material with water in the anode diffusion layer and voltage 
decrease in the fourth embodiment. 
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[0049] Fig. 1 6 is a graph showing a relationship of differential pressure of 
the cathode diffusion layer and voltage decrease in the fourth embodiment. 
[0050] Fig. 17 is a graph showing a relationship of differential pressure of 
the anode diffusion layer and voltage decrease in the fourth embodiment. 
[0051] Fig. 18 is a graph showing a change of current density with time at 
a fuel shortage test. 

EXAMPLES 

[0052] The electrode assembly for polymer electrolyte fuel cell of the 
present invention is further explained by way of Examples and 
Comparative Examples. 
A. First Embodiment 

[0053] First, an embodiment in which a water holding layer is arranged 
on the anode diffusion layer, is explained. The water holding layer 
includes carbon-based material and 5 to 20 wt% of water holding material 
to the total amount of electron conductive material and the water holding 
material. 

1 . Preparation of Electrode Assembly 
Example 1 

[0054] 35 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont), 1 0 g of platinum supporting carbon particles in 
which the weight ratio of carbon black to platinum is 50:50 (trade name: 
TEC10E50E, produced by Tanaka Kikinzoku Kogyo K. K.), and 2.5 g of 
crystalline carbon fiber (trade name: VGCF, produced by Showa Denko) 
were mixed to prepare cathode catalytic paste. This cathode catalytic 
paste was coated on a FEP sheet so that the Pt amount is 0.3 mg/cm , and 
was dried to prepare a cathode electrode sheet. On the other hand, 36.8 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
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Pont) and 10 g of Pt-Ru supporting carbon particles in which weight ratio 
of the carbon black and the catalyst is 46:54 (trade name: TEC61E54, 
Pt:Ru=l :1, Tanaka Kikinzoku Kogyo K. K.) were mixed to prepare an 
anode catalytic paste. This anode catalytic paste was coated to a FEP 
sheet so that catalyst amount is 0.15 mg/cm , and dried to prepare an anode 
electrode sheet. 

[0055] 25 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont), 4.5 g of carbon black (trade name: Vulcan XC75, 
produced by Cabot), 2.5 g of crystalline carbon fiber (trade name: VGCF, 
produced by Showa Denko), and 0.5 g of ZSM5 (produced by Tosoh 
Corporation) were mixed to prepare a foundation paste Al . 12 g of Teflon 
(trademark) powder (trade name: LI 70 J, produced by Asahi Glass Co., 
Ltd.) and 18 g of carbon black powder (trade name: Vulcan XC75, 
produced by Cabot) were mixed with ethylene glycol to prepare a 
foundation paste Bl . Next, the foundation paste Bl was coated on a 
carbon paper (trade name: TGP060, produced by Toray Industries Inc.) 
which was beforehand process to be water-repellant so as to be 2.3 mg/cm , 
the foundation paste Al was coated so as to be 0.3 mg/cm 2 , and dried, to 
prepare an anode diffusion layer. On the other hand, only the foundation 
paste B 1 was coated on the same carbon paper so as to be 2.3 mg/cm z , and 
was dried to obtain a cathode diffusion layer. 

[0056] The electrode sheets of the anode and cathode are transferred to an 
electrolyte membrane by a decal method (unifying pressure of 40 kg/cm 2 ) 
to prepare membrane electrode assembly CCM. The anode diffusion 
layer and the cathode diffusion layer mentioned above, were layered on 
both sides of the CCM to form electrode assembly MEA of Example 1. 
Example 2 

[0057] Except that a foundation paste A2 was used instead of the 
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foundation paste Al , a membrane electrode assembly ME A of Example 2 
was prepared in a manner similar to that of Example 1 . It should be noted 
that the foundation paste A2 was prepared by mixing 25 g of ion 
conductive polymer (trade name: Nafion SE20192, produced by Du Pont), 
4.0 g of carbon black powder (trade name: Vulcan XC75, produced by 
Cabot), 2.5 g of crystalline carbon fiber (trade name: VGCF, produced by 
Showa Denko), and 1 g of ZSM5 (produced by Tosoh Corporation). 
Example 3 

[0058] Except that a foundation paste A3 was used instead of the 
foundation paste Al, a membrane electrode assembly MEA of Example 3 
was prepared in a manner similar to that of Example 1 . It should be noted 
that the foundation paste A3 was prepared by mixing 25 g of ion 
conductive polymer (trade name: Nafion SE20192, produced by Du Pont), 
4.75 g of carbon black powder (trade name: Vulcan XC75, produced by 
Cabot), 2.5 g of crystalline carbon fiber (trade name: VGCF, produced by 
Showa Denko), and 0.25 g of ZSM5 (produced by Tosoh Corporation). 
Example 4 

[0059] Except that a foundation paste A4 was used instead of the 
foundation paste Al, a membrane electrode assembly MEA of Example 4 
was prepared in a manner similar to that of Example 1 . It should be noted 
that the foundation paste A4 was prepared by mixing 25 g of ion 
conductive polymer (trade name: Nafion SE20192, produced by Du Pont), 
4.5 g of carbon black powder (trade name: Vulcan XC75, produced by 
Cabot), and 0.5 g of ZSM5 (produced by Tosoh Corporation). 
Example 5 

[0060] Except that an anode diffusion layer in which a foundation paste 
B2 was coated on a carbon paper (trade name: TP060, produced by Toray 
Industries Inc.) beforehand treated to be water-repellent and dried so as to 
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be 2.3 mg/cm 2 , was used instead of the anode diffusion layer of Example 1, 
a membrane electrode assembly ME A of Example 5 was prepared in a 
manner similar to that of Example 1 . It should be noted that the 
foundation paste B2 was prepared by mixing 12 g of Teflon (trademark) 
powder (trade name: L170J, produced by Asahi Glass Co., Ltd.), 16.2 g of 
carbon black powder (trade name: Vulcan XC75, produced by Cabot), and 
1 .8 g of ZSM5 (produced by Tosoh Corporation) with ethylene glycol. 
Comparative Example 1 

[0061] Except that a foundation paste A5 was used instead of the 
foundation paste Al, a membrane electrode assembly ME A of Comparative 
Example 1 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A5 was prepared by mixing 25 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 3.75 g of carbon black powder (trade name: Vulcan XC75, produced 
by Cabot), 2.5 g of crystalline carbon fiber (trade name: VGCF, produced 
by Showa Denko), and 1.25 g of ZSM5 (produced by Tosoh Corporation). 
Comparative Example 2 

[0062] Except that a foundation paste A6 was used instead of the 
foundation paste Al , a membrane electrode assembly ME A of Comparative 
Example 2 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A6 was prepared by mixing 30 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 4.5 g of carbon black powder (trade name: Vulcan XC75, produced 
by Cabot), and 0.5 g of ZSM5 (produced by Tosoh Corporation). 
Comparative Example 3 

[0063] Except that a foundation paste A7 was used instead of the 
foundation paste Al , a membrane electrode assembly MEA of Comparative 
Example 3 was prepared in a manner similar to that of Example 1 . It 
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should be noted that the foundation paste A7 was prepared by mixing 35 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 4.5 g of carbon black powder (trade name: Vulcan XC75, produced 
by Cabot), and 0.5 g of ZSM5 (produced by Tosoh Corporation). 
Comparative Example 4 

[0064] Except that a foundation paste A8 was used instead of the 
foundation paste Al , a membrane electrode assembly MEA of Comparative 
Example 4 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A8 was prepared by mixing 25 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 5 g of carbon black powder (trade name: Vulcan XC75, produced by 
Cabot), and 2.5 g of crystalline carbon fiber (trade name: VGCF, produced 
by Showa Denko). 
Comparative Example 5 

[0065] Except that a foundation paste A9 was used instead of the 
foundation paste Al, a membrane electrode assembly MEA of Comparative 
Example 5 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A9 was prepared by mixing 25 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 4.5 g of carbon black powder (trade name: Vulcan XC75, produced 
by Cabot), 1.5 g of crystalline carbon fiber (trade name: VGCF, produced 
by Showa Denko), and 0.5 g of ZSM5 (produced by Tosoh Corporation). 
Comparative Example 6 

[0066] Except that a foundation paste A10 was used instead of the 
foundation paste Al, a membrane electrode assembly MEA of Comparative 
Example 6 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A10 was prepared by mixing 25 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
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Pont), 4.5 g of carbon black powder (trade name: Vulcan XC75, produced 
by Cabot), 3.5 g of crystalline carbon fiber (trade name: VGCF, produced 
by Showa Denko), and 0.5 g of ZSM5 (produced by Tosoh Corporation). 
Comparative Example 7 

[0067] Except that the unifying pressure of the decal method in the 
production of the membrane electrode assembly CCM was 30 kg/cm , a 
membrane electrode assembly MEA of Comparative Example 7 was 
prepared in a manner similar to that of Example 1 . 
Comparative Example 8 

[0068] Except that the unifying pressure of the decal method in the 
production of the membrane electrode assembly CCM was 1 0 kg/cm , a 
membrane electrode assembly of Comparative Example 8 was prepared in 
a manner similar to that of Example 1 . 
2. Fuel Shortage Test 

[0069] A fuel shortage test was performed on fuel cells containing 
membrane electrode assemblies of Examples and Comparative Examples 
mentioned above. The test conditions were as follows: cell temperature: 
80°C, humidity amount: 45 RH% in the anode and 85 RH% in the cathode, 
utilization ratio at 0.5 A/cm 2 : 100% in the anode and 60% in the cathode. 
Current density of the test was changed from 0 to 1 A/cm 2 over time as 
shown in Fig. 18, and this change was repeated 500 times. A difference of 
voltage calculated by terminal voltages before and after the fuel test is 
shown in Table 1. 
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3. Evaluation 

[0071] The electrode assemblies of Examples 1 to 5 in which content ratio 
of the water holding material, water absorption ratio of the anode diffusion 
layer, differential pressure, and adhesion ratio are within the range of the 
present invention, have penetration resistance of not more than 5 mQ and 
difference of voltage at the fuel shortage test of not more than 30 mV. 
Efficiencies were not reduced very much. On the other hand, the 
electrode assembly of Comparative Example 1 having too high content 
ratio of water holding material, the electrode assemblies of Comparative 
Examples 2 and 3 having too high water absorption ratio of the anode 
diffusion layer, the electrode assembly of Comparative Example 4 having 
too low content ratio of water holding material, water absorption ratio of 
the anode diffusion layer and differential pressure, the electrode assembly 
of Comparative Example 5 having too low differential pressure, the 
electrode assembly of Comparative Example 6 having too high differential 
pressure, and the electrode assemblies of Comparative Examples 7 and 8 
having too low adhesion ratio, all have penetration resistance of not more 
than 5 mQ; however, difference of voltage in the fuel shortage test exceeds 
more than 30 mV. Efficiencies were reduced very much. 
B. Second Embodiment 

[0072] Next, an embodiment in which carbon particles having water 
absorption amount at saturated water vapor pressure at 60°C of not less 
than 150 cc/g are contained in the anode diffusion layer, is explained. 
1 . Preparation of Electrode Assembly 
Example 6 

[0073] Except that a foundation paste Al 1 was used instead of the 
foundation paste Al, a membrane electrode assembly ME A of Example 6 
was prepared in a manner similar to that of Example 1 . It should be noted 
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that the foundation paste Al 1 was prepared by mixing 25 g of ion 
conductive polymer (trade name: Nafion SE20192, produced by Du Pont), 
5 g of carbon black powder (trade name: Ketjen black, produced by Cabot), 
and 2.5 g of crystalline carbon fiber (trade name: VGCF, produced by 
Showa Denko). 
Example 7 

[0074] Except that a foundation paste A12 was used instead of the 
foundation paste Al, a membrane electrode assembly MEA of Example 7 
was prepared in a manner similar to that of Example 1 . It should be noted 
that the foundation paste A12 was prepared by mixing 25 g of ion 
conductive polymer (trade name: Nafion SE20192, produced by Du Pont), 
and 5 g of carbon black powder (trade name: Ketjen black, produced by 
Cabot). 
Example 8 

[0075] Except that an anode diffusion layer in which a foundation paste 
A13 was coated on a carbon paper (trade name: TP060, produced by Toray 
Industries Inc.) treated beforehand to be water-repellent and dried so as to 
be 2.3 mg/cm , is used instead of the anode diffusion layer of Example 1, a 
membrane electrode assembly MEA of Example 8 was prepared in a 
manner similar to that of Example 1 . It should be noted that the 
foundation paste A13 was prepared by mixing 12 g of Teflon (trademark) 
dispersion (trade name: L170J, produced by Asahi Glass Co., Ltd.), and 18 
g of carbon black powder (trade name: Ketjen black, produced by Cabot). 
Comparative Example 9 

[0076] Except that a foundation paste A14 was used instead of the 
foundation paste Al , a membrane electrode assembly MEA of Comparative 
Example 9 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A14 was prepared by mixing 25 g 
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of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 5 g of carbon black powder (trade name: AB-5, produced by Cabot), 
and 2.5 g of crystalline carbon fiber (trade name: VGCF, produced by 
Showa Denko). 
Comparative Example 1 0 

[0077] Except that a foundation paste A15 was used instead of the 
foundation paste Al, a membrane electrode assembly MEA of Comparative 
Example 1 0 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A15 was prepared by mixing 25 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 5 g of carbon black powder (trade name: Vulcan XC75, produced by 
Denka), and 2.5 g of crystalline carbon fiber (trade name: VGCF, produced 
by Showa Denko). 
Comparative Example 1 1 

[0078] Except that a foundation paste A16 was used instead of the 
foundation paste Al, a membrane electrode assembly MEA of Comparative 
Example 11 was prepared in a manner similar to that of Example 1. It 
should be noted that the foundation paste A16 was prepared by mixing 18 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 5 g of carbon black powder (trade name: Ketjen black, produced by 
Cabot), and 3.5 g of crystalline carbon fiber (trade name: VGCF, produced 
by Showa Denko). 
Comparative Example 1 2 

[0079] Except that a foundation paste A17 was used instead of the 
foundation paste Al, a membrane electrode assembly MEA of Comparative 
Example 12 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A17 was prepared by mixing 25 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
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Pont), 5 g of carbon black powder (trade name: Ketjen black, produced by 
Cabot), and 3.5 g of crystalline carbon fiber (trade name: VGCF, produced 
by Showa Denko). 
Comparative Example 13 

[0080] Except that a foundation paste A18 was used instead of the 
foundation paste Al , a membrane electrode assembly MEA of Comparative 
Example 1 3 was prepared in a manner similar to that of Example 1 . It 
should be noted that the foundation paste A18 was prepared by mixing 30 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont), 5 g of carbon black powder (trade name: Ketjen black, produced by 
Cabot), and 1 g of crystalline carbon fiber (trade name: VGCF, produced by 
Showa Denko). 
Comparative Example 14 

[0081] Except that the unifying pressure of the decal method in the 
production of the membrane electrode assembly CCM was 30 kg/cm , a 
membrane electrode assembly MEA of Comparative Example 14 was 
prepared in a manner similar to that of Example 6. 
Comparative Example 1 5 

[0082] Except that the unifying pressure of the decal method in the 
production of the membrane electrode assembly CCM was 1 0 kg/cm , a 
membrane electrode assembly MEA of Comparative Example 1 5 was 
prepared in a manner similar to that of Example 6. 
2. Fuel Shortage Test 

[0083] A fuel shortage test was performed about fuel cells containing 
membrane electrode assemblies of Examples and Comparative Examples 
mentioned above. The test conditions were the same as the test of the first 
embodiment described above. A difference of voltage calculated by 
terminal voltages before and after the fuel test is shown in Table 2. 
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3. Evaluation 

[0085] The electrode assemblies of Examples 6 to 8 in which water 
absorption amount of carbon particles, water absorption ratio of the anode 
diffusion layer, differential pressure, and adhesion ratio are within the range 
of the present invention, have penetration resistance of not more than 5 mQ 
and difference of voltage at the fuel shortage test of not more than 30 mV. 
Efficiencies were not deteriorated so much. On the other hand, the 
electrode assembly of Comparative Example 9 having too high water 
absorption amount of carbon particles, the electrode assembly of 
Comparative Example 10 having too low water absorption amount of 
carbon particles and too low water absorption ratio of anode diffusion layer, 
the electrode assemblies of Comparative Example 1 1 having too high water 
absorption ratio of the anode diffusion layer, the electrode assembly of 
Comparative Example 12 having too low differential pressure, the electrode 
assembly of Comparative Example 13 having too high differential pressure, 
and the electrode assemblies of Comparative Examples 14 and 15 having 
too low adhesion ratio, all have penetration resistance of not more than 5 
mil; however, difference of voltage at the fuel shortage test exceeds more 
than 30 mV. Efficiencies were decreased very much. 
C. Third Embodiment 
1 . Preparation of Electrode Assembly 
Example 9 

[0086] 35 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont), 1 0 g of platinum supporting carbon particles in 
which weight ratio of carbon black and platinum is 50:50 (trade name: 
TEC10E50E, produced by Tanaka Kikinzoku Kogyo K. K.), and 2.5 g of 
crystalline carbon fiber (trade name: VGCF, produced by Showa Denko) 
were mixed to prepare cathode catalytic paste. This cathode catalytic 
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paste was coated to a FEP sheet so that Pt amount is 0.3 mg/cm 2 , and dried 
to prepare a cathode electrode sheet. On the other hand, 36.8 g of ion 
conductive polymer (trade name: Nafion SE20192, produced by Du Pont) 
and 10 g of Pt-Ru supporting carbon particles in which weight ratio of the 
carbon black and the catalyst is 46:54 (trade name: TEC61E54, Pt:Ru=l:l, 
Tanaka Kikinzoku Kogyo K. K.) were mixed to prepare an anode catalytic 
paste. This anode catalytic paste was coated to a FEP sheet so that 
catalyst amount is 0.15 mg/cm , and dried to prepare an anode electrode 
sheet. 

[0087] On the other hand, a carbon paper (trade name: TGP060, produced 
by Toray Industries Inc.) was immersed into water at 95°C in a pressure 
resistant container for 1 00 hours to perform hydrophilic treatment so that 
contact angle with water is 75°. 

[0088] 25 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont) and 5 g of carbon black powder (trade name: Ketjen 
black, produced by Cabot) were mixed to prepare a foundation paste CI. 
12 g of Teflon (trademark) powder (trade name: LI 70 J, produced by Asahi 
Glass Co., Ltd.) and 18 g of carbon black powder (trade name: Vulcan 
XC75, produced by Cabot) were mixed with ethylene glycol to prepare a 
foundation paste Dl . Next, the foundation paste CI was coated on the 
carbon paper treated to be hydrophilic as described above so as to be 1.0 
mg/cm 2 , and dried to prepare an anode diffusion layer. On the other hand, 
the foundation paste Dl was coated on the same carbon paper so as to be 
2.3 mg/cm , and dried to obtain a cathode diffusion layer. 
[0089] The electrode sheets of the anode and cathode are transferred to an 
electrolyte membrane by a decal method (unifying pressure of 40 kg/cm 2 ) 
to prepare membrane electrode assembly CCM. The anode diffusion 
layer and the cathode diffusion layer mentioned above, were layered on 
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both sides of the CCM to form electrode assembly MEA of Example 9. 
Example 10 

[0090] Except that coated amount of the foundation paste CI of Example 
9 was 0.6 mg/cm , membrane electrode assembly MEA of Example 10 was 
prepared in a manner similar to that of Example 9. 
Example 11 

[0091] Except that a foundation paste C2 was used instead of the 
foundation paste CI, a membrane electrode assembly MEA of Example 11 
was prepared in a manner similar to that of Example 9. It should be noted 
that the foundation paste C2 was prepared by mixing 12 g of Teflon 
(trademark) powder (trade name: LI 70 J, produced by Asahi Glass Co., 
Ltd.) and 18 g of carbon black powder (trade name: Ketjen black, produced 
by Cabot) with ethylene glycol. 
Example 12 

[0092] Except that a foundation paste C3 was used instead of the 
foundation paste CI, a membrane electrode assembly MEA of Example 12 
was prepared in a manner similar to that of Example 9. It should be noted 
that the foundation paste C3 was prepared by mixing 1 8 g of Teflon 
(trademark) powder (trade name: LI 70 J, produced by Asahi Glass Co., 
Ltd.) and 12 g of carbon black powder (trade name: Ketjen black, produced 
by Cabot) with ethylene glycol. 
Comparative Example 16 

[0093] Except that the contact angle with water was set to 100° in the 
hydrophilic treatment of the carbon paper by controlling time of immersion 
into hot water, a membrane electrode assembly MEA of Comparative 
Example 16 was prepared in a manner similar to that of Example 9. 
Comparative Example 17 

[0094] Except that the contact angle with water was set to 120° in the 
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hydrophilic treatment of the carbon paper by controlling time of immersion 
into hot water, a membrane electrode assembly MEA of Comparative 
Example 17 was prepared in a manner similar to that of Example 9. 
Comparative Example 1 8 

[0095] Except that the contact angle with water was set to 140° in the 
hydrophilic treatment of the carbon paper by controlling time of immersion 
into hot water, a membrane electrode assembly MEA of Comparative 
Example 18 was prepared in a manner similar to that of Example 9. 
Comparative Example 19 

[0096] Except that a foundation paste C4 was used instead of the 
foundation paste CI and the coated amount was 1.8 mg/cm 2 in the anode 
diffusion layer forming process, a membrane electrode assembly MEA of 
Comparative Example 19 was prepared in a manner similar to that of 
Example 9. It should be noted that the foundation paste C4 was prepared 
by mixing 25 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont) and 5 g of carbon black powder (trade name: AB-5, 
produced by Cabot). 
Comparative Example 20 

[0097] Except that a foundation paste C5 was used instead of the 
foundation paste CI and the coated amount was 2.3 mg/cm 2 in the anode 
diffusion layer forming process, a membrane electrode assembly MEA of 
Comparative Example 20 was prepared in a manner similar to that of 
Example 9. It should be noted that the foundation paste C5 was prepared 
by mixing 25 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont) and 5 g of carbon black powder (trade name: Vulcan 
XC75, produced by Cabot). 
Comparative Example 2 1 

[0098] Except that a foundation paste C6 was used instead of the 
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foundation paste CI and the coated amount was 1.8 mg/cm in the anode 
diffusion layer forming process, a membrane electrode assembly MEA of 
Comparative Example 21 was prepared in a manner similar to that of 
Example 9. It should be noted that the foundation paste C6 was prepared 
by mixing 40 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont) and 5 g of carbon black powder (trade name: Ketjen 
black, produced by Cabot). 
Comparative Example 22 

[0099] Except that a foundation paste C7 was used instead of the 
foundation paste CI and the coated amount was 0.8 mg/cm in the anode 
diffusion layer forming process, a membrane electrode assembly MEA of 
Comparative Example 22 was prepared in a manner similar to that of 
Example 9. It should be noted that the foundation paste C7 was prepared 
by mixing 15 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by DuPont) and 5 g of carbon black powder (trade name: Ketjen 
black, produced by Cabot). 
Comparative Example 23 

[0100] Except that a foundation paste C8 was used instead of the 
foundation paste CI and the coated amount was 1 .2 mg/cm in the anode 
diffusion layer forming process, a membrane electrode assembly MEA of 
Comparative Example 23 was prepared in a manner similar to that of 
Example 9. It should be noted that the foundation paste C8 was prepared 
by mixing 35 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont) and 5 g of carbon black powder (trade name: Ketjen 
black, produced by Cabot). 
Comparative Example 24 

[0101] Except that a foundation paste C9 was used instead of the 
foundation paste CI, a membrane electrode assembly MEA of Comparative 
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Example 24 was prepared in a manner similar to that of Example 9. It 
should be noted that the foundation paste C9 was prepared by mixing 20 g 
of ion conductive polymer (trade name: Nafion SE20192, produced by Du 
Pont) and 5 g of carbon black powder (trade name: Ketjen black, produced 
by Cabot). 

Comparative Example 25 

[0102] Except that the unifying pressure of the decal method in the 
production of the membrane electrode assembly CCM was 30 kg/cm 2 , a 
membrane electrode assembly MEA of Comparative Example 25 was 
prepared in a manner similar to that of Example 9. 
Comparative Example 26 

[0103] Except that the unifying pressure of the decal method in the 
production of the membrane electrode assembly CCM was 1 0 kg/cm 2 , a 
membrane electrode assembly MEA of Comparative Example 26 was 
prepared in a manner similar to that of Example 9. 
2. Fuel Shortage Test 

[0104] Fuel shortage tests were performed on fuel cells containing 
membrane electrode assemblies of Examples and Comparative Examples 
mentioned above. The test conditions were the same as the test of the first 
embodiment described above. Differences in voltage calculated by 
terminal voltages before and after the fuel test are shown in Table 3 . 
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3 . Evaluation 

[0106] The electrode assemblies of Examples 9 to 12 in which contact 

m 

angle of carbon-based material, water absorption amount of carbon 
particles, water absorption ratio of the anode diffusion layer, differential 
pressure, and adhesion ratio are within the range of the present invention, 
have penetration resistance of not more than 5 mQ and difference of 
voltage at the fuel shortage test of not more than 30 mV. Efficiencies 
were not decreased very much. On the other hand, the electrode 
assemblies of Comparative Examples 1 6 to 18 having too high contact 
angle, the electrode assemblies of Comparative Examples 19 and 20 having 
too low water absorption amount of carbon particles, the electrode 
assembly of Comparative Example 21 having too high water absorption 
ratio of anode diffusion layer, the electrode assembly of Comparative 
Example 22 having too low water absorption ratio of anode diffusion layer, 
the electrode assembly of Comparative Example 23 having too high 
differential pressure, the electrode assembly of Comparative Example 24 
having too low differential pressure, and the electrode assemblies of 
Comparative Examples 25 and 26 having too low adhesion ratio have 
penetration resistance of not more than 5 mQ; however, difference of 
voltages in the fuel shortage test exceed 30 mV. Efficiencies were 
decreased very much. 
D. Fourth Embodiment 
1 . Preparation of Electrode Assembly 
Example 13 

[0107] 35 g of ion conductive polymer (trade name: Nafion SE20192, 
produced by Du Pont), 1 0 g of platinum supporting carbon particles in 
which weight ratio of carbon black and platinum is 50:50 (trade name: 
TEC10E50E, produced by Tanaka Kikinzoku Kogyo K. K.), and 2.5 g of 
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crystalline carbon fiber (trade name: VGCF, produced by Showa Denko) 
were mixed to prepare a cathode catalytic paste. This cathode catalytic 
paste was coated on a FEP sheet so that Pt amount is 0.3 mg/cm , and dried 
to prepare a cathode electrode sheet. On the other hand, 36.8 g of ion 
conductive polymer (trade name: Nafion SE20192, produced by Du Pont) 
and 10 g of Pt-Ru supporting carbon particles in which weight ratio of the 
carbon black and the catalyst is 46:54 (trade name: TEC61E54, Pt:Ru=l:l, 
Tanaka Kikinzoku Kogyo K. K.) were mixed to prepare an anode catalytic 
paste. This anode catalytic paste was coated to a FEP sheet so that 
catalyst amount is 0.15 mg/cm 2 , and dried to prepare an anode electrode 
sheet. 

[0108] On the other hand, two sheets of carbon paper (trade name: 
TGP060, produced by Toray Industries Inc.) were immersed in water at 
95°C in a pressure resistant container to perform hydrophilic treatment so 
that contact angle with water thereof become 140° and 75°, to prepare two 
sheets of carbon paper for a cathode diffusion layer and an anode diffusion 
layer mutually. 

[0109] On the other hand, 12 g of Teflon (trademark) powder (trade name: 
L170J, produced by Asahi Glass Co., Ltd.) and 18 g of carbon black 
powder (trade name: Ketjen black, produced by Cabot) were mixed with 
ethylene glycol to prepare a foundation paste El, and 12 g of Teflon 
(trademark) powder (trade name: LI 70 J, produced by Asahi Glass Co., 
Ltd.) and 18 g of carbon black powder (trade name: AB-5, produced by 
Cabot) were mixed with ethylene glycol to prepare a foundation paste Fl. 
Next, the foundation paste El was coated to the carbon paper for anode 
diffusion layer treated to be hydrophilic as described above so as to be 2.3 
mg/cm , and dried to obtain the anode diffusion layer. On the other hand, 
the foundation paste Fl was coated on the carbon paper for cathode 
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diffusion layer so as to be 2.3 mg/cm , and dried to obtain the cathode 
diffusion layer. 

[0110] The electrode sheets of the anode and cathode are transferred to an 
electrolyte membrane by a decal method (unifying pressure of 40 kg/cm ) 
to prepare membrane electrode assembly CCM. The anode diffusion 
layer and the cathode diffusion layer mentioned above, were layered on 
both sides of the CCM to form electrode assembly MEA of Example 1 3 . 
Example 14 

[0111] Except that a foundation paste F2 was used instead of the 
foundation paste Fl, a membrane electrode assembly MEA of Example 14 
was prepared in a manner similar to that of Example 13. It should be 
noted that the foundation paste F2 was prepared by mixing 12 g of Teflon 
(trademark) powder (trade name: L170J, produced by Asahi Glass Co., 
Ltd.) and 18 g of carbon black powder (trade name: VulcanXC75, produced 
by Cabot) with ethylene glycol. 
Example 15 

[0112] Except that foundation pastes E2 and F3 were used instead of the 
foundation pastes El and Fl, a membrane electrode assembly MEA of 
Example 15 was prepared in a manner similar to that of Example 13. It 
should be noted that the foundation paste E2 was prepared by mixing 9 g of 
Teflon (trademark) powder (trade name: LI 70 J, produced by Asahi Glass 
Co., Ltd.) and 21 g of carbon black powder (trade name: Ketjen black, 
produced by Cabot) with ethylene glycol, and the foundation paste F3 was 
prepared by mixing 9 g of Teflon (trademark) powder (trade name: L170J, 
produced by Asahi Glass Co., Ltd.) and 21 g of carbon black powder (trade 
name: AB-5, produced by Cabot) with ethylene glycol. 
Example 16 

[0113] Except that foundation pastes E3 and F4 were used instead of the 

39 




foundation pastes El and Fl, a membrane electrode assembly ME A of 
Example 16 was prepared in a manner similar to that of Example 13. It 
should be noted that the foundation paste E3 was prepared by mixing 2 1 g 
of Teflon (trademark) powder (trade name: LI 70 J, produced by Asahi 
Glass Co., Ltd.) and 9 g of carbon black powder (trade name: Ketjen black, 
produced by Cabot) with ethylene glycol, and the foundation paste F4 was 
prepared by mixing 21 g of Teflon (trademark) powder (trade name: LI 70 J, 
produced by Asahi Glass Co., Ltd.) and 9 g of carbon black powder (trade 
name: AB-5, produced by Cabot) with ethylene glycol. 
Comparative Example 27 

[0114] Except that foundation paste F5 was used instead of the foundation 
paste Fl, a membrane electrode assembly MEA of Comparative Example 

27 was prepared in a manner similar to that of Example 13. It should be 
noted that the foundation paste F5 was prepared by mixing 12 g of Teflon 
(trademark) powder (trade name: L170J, produced by Asahi Glass Co., 
Ltd.) and 18 g of carbon black powder (trade name: Ketjen black, produced 
by Cabot) with ethylene glycol. 

Comparative Example 28 

[0115] Except that foundation paste F6 was used instead of the foundation 
paste Fl, a membrane electrode assembly MEA of Comparative Example 

28 was prepared in a manner similar to that of Example 13. It should be 
noted that the foundation paste F6 was prepared by mixing 12 g of Teflon 
(trademark) powder (trade name: LI 70 J, produced by Asahi Glass Co., 
Ltd.) and 18 g of carbon black powder (trade name: Ketjen black 600JD, 
produced by Cabot) with ethylene glycol. 

Comparative Example 29 

[0116] Except that foundation paste E4 was used instead of the 
foundation paste El, a membrane electrode assembly MEA of Comparative 
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Example 29 was prepared in a manner similar to that of Example 13. It 
should be noted that the foundation paste E4 was prepared by mixing 12 g 
of Teflon (trademark) powder (trade name: LI 70 J, produced by Asahi 
Glass Co., Ltd.) and 18 g of carbon black powder (trade name: AB-5, 
produced by Cabot) with ethylene glycol. 
Comparative Example 30 

[0117] Except that foundation paste E5 was used instead of the 
foundation paste El, a membrane electrode assembly ME A of Comparative 
Example 30 was prepared in a manner similar to that of Example 13. It 
should be noted that the foundation paste E5 was prepared by mixing 12 g 
of Teflon (trademark) powder (trade name: LI 70 J, produced by Asahi 
Glass Co., Ltd.) and 18 g of carbon black powder (trade name: Vulcan 
XC75, produced by Cabot) with ethylene glycol. 
Comparative Example 3 1 

[0118] Except that foundation paste E6 was used instead of the 
foundation paste El, a membrane electrode assembly MEA of Comparative 
Example 31 was prepared in a manner similar to that of Example 13. It 
should be noted that the foundation paste E6 was prepared by mixing 24 g 
of Teflon (trademark) powder (trade name: LI 70 J, produced by Asahi 
Glass Co., Ltd.) and 6 g of carbon black powder (trade name: Ketjen black, 
produced by Cabot) with ethylene glycol. 
Comparative Example 32 

[0119] Except that foundation paste E7 was used instead of the 
foundation paste El, a membrane electrode assembly MEA of Comparative 
Example 32 was prepared in a manner similar to that of Example 13. It 
should be noted that the foundation paste E7 was prepared by mixing 6 g of 
Teflon (trademark) powder (trade name: LI 70 J, produced by Asahi Glass 
Co., Ltd.) and 24 g of carbon black powder (trade name: Ketjen black, 
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produced by Cabot) with ethylene glycol. 
Comparative Example 33 

[0120] Except that foundation paste F7 was used instead of the foundation 
paste El, a membrane electrode assembly MEA of Comparative Example 

33 was prepared in a manner similar to that of Example 13. It should be 
noted that the foundation paste F7 was prepared by mixing 24 g of Teflon 
(trademark) powder (trade name: LI 70 J, produced by Asahi Glass Co., 
Ltd.) and 6 g of carbon black powder (trade name: AB-5, produced by 
Cabot) with ethylene glycol. 

Comparative Example 34 

[0121] Except that foundation paste F8 was used instead of the foundation 
paste El, a membrane electrode assembly MEA of Comparative Example 

34 was prepared in a manner similar to that of Example 13. It should be 
noted that the foundation paste F8 was prepared by mixing 6 g of Teflon 
(trademark) powder (trade name: L170J, produced by Asahi Glass Co., 
Ltd.) and 24 g of carbon black powder (trade name: AB-5, produced by 
Cabot) with ethylene glycol. 

Comparative Example 35 

[0122] Except that the unifying pressure of the decal method in the 
production of the membrane electrode assembly CCM was 30 kg/cm 2 , a 
membrane electrode assembly MEA of Comparative Example 35 was 
prepared in a manner similar to that of Example 1 3 . 
Comparative Example 36 

[0123] Except that the unifying pressure of the decal method in the 
production of the membrane electrode assembly CCM was 10 kg/cm , a 
membrane electrode assembly MEA of Comparative Example 36 was 
prepared in a manner similar to that of Example 1 3 . 
2. Fuel Shortage Test 
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[0124] Fuel shortage tests were performed on fuel cells containing 
membrane electrode assemblies of Examples and Comparative Examples 
mentioned above. The test conditions were the same as the test of the first 
embodiment described above. Differences in voltage calculated by 
terminal voltages before and after the fuel test are shown in Table 4. 



43 



<L> 
bJO 



2^ 
6 



to 

a 

o 

1 

G 

<D 



T3 
O 

1 



O 



O 

i 

O v? 

CO ^— ' 

a> 

5 



oo 



CN 

co' 



CN 
CN 



o 

CN 



CN 



00 

cn 



CN 
CN* 



CN 



oo 

CN 



vq 
cn 



oo 



ON 



cn 



co' 



vq 
cn 



o 

CN 



CN 
co' 



CN 

cn 



CN 



CN 



CN 

cn* 



CN 

cn 



co 

cn* 
co 



CM 

co 



VO 
cn 



o 
cn 



VO 



CN 
co 



oo 

CN 



CO 



oo 



co 

CO 



CN 
vO 



CO 



00 



CN 
CO 



CN 

CO* 



oo 



vq 

CN 



CN 
CO* 



CN 
CO 



vq 

CO* 



oo 



CN 
CN 



CN 
CN* 



CN 
CN 



CN 
CN 



ON 



CN 



o 

CN 



O 
CN 



CN* 



CO 




■8 

O 



CO 

oo 



CO 
OO 



CN 
VO 



O 



CO 
OO 



CO 

oo 



CO 

oo 



CO 
00 



CO 
00 



CO 

oo 



CN 
CO 



CO 

oo 



CO 

oo 



<L> 
O 



OO 



oo 



CN 
VO 



o 
o 



oo 



oo 



CO 

oo 



CO 

oo 



oo 

CN 



CN 



00 



oo 



oo 



oo 




vo 



VO 



CN 

oo 



o 



CN 

oo 



CN 

oo 



VO 
CO 



o 

CN 



CN 

CN* 
CO 



ON 



CN 
00 



CN 
OO 



CN 
00 



CN 
00 




o 
o 



O 
G3 



o 

CO 



o 
oo 



o 

CO 



o 

CO 



o 

VO 
CO 



o 

CN 



o 

CO 



o 

CO 



o 

CO 



o 

CO 



o 

CO 



o 

CO 



o 

CO 



o 

CO 



o 



o 

vo 

CO 



o 

VO 
CO 



o 

vo 

CO 



o 

VO 
CO 



o 

vo 

CO 



o 

vo 

CO 



o 

CO 



o 
oo 



o 

VO 
CO 



o 

VO 
CO 



o 

VO 
CO 



o 

VO 
CO 



o 

VO 
CO 



o 

VO 
CO 



00 
CN 

f 



o 

CO 

a> 

T 



CO 



CO 



VO 



X 



<L> 

> 

1 

CM 

s 

o 



w 

CD 

> 

•-3 

CM 
o 

u 



CO 

f 

1 

w 

> 

1 

f 

o 

u 



CO 

"Hj 



VO 
CO 

? 



I 4 

o 

u 



w 

Si 

I 

o 

u 



3. Evaluation 

[0126] The electrode assemblies of Examples 13 to 16 in which water 
absorption amount of carbon particles of the anode diffusion layer and the 
cathode diffusion layer, water absorption ratio of the anode diffusion layer, 
differential pressure of the anode diffusion layer and the cathode diffusion 
layer, and adhesion ratio are within the range of the present invention, have 
penetration resistance of not more than 5 mQ and difference of voltage at 
the fuel shortage test of not more than 30 mV. Efficiencies were not 
decreased very much. On the other hand, the electrode assemblies of 
Comparative Examples 27 and 28 having too high water absorption amount 
of carbon particles of the cathode diffusion layer, the electrode assemblies 
of Comparative Examples 29 and 30 having too low water absorption 
amount of the carbon particles of the anode diffusion layer and too low 
water absorption ratio of the anode diffusion layer, the electrode assembly 
of Comparative Example 3 1 having too low water absorption ratio of the 
anode diffusion layer and too high differential pressure of the anode 
diffusion layer, the electrode assembly of Comparative Example 32 having 
too high water absorption ratio of the anode diffusion layer and too low 
differential pressure of the anode diffusion layer, the electrode assembly of 
Comparative Example 33 having too high differential pressure of the 
cathode diffusion layer, the electrode assembly of Comparative Example 34 
having too low differential pressure of the cathode diffusion layer, and the 
electrode assemblies of Comparative Examples 35 and 36 having too low 
adhesion ratio, have penetration resistance of not more than 5 mQ; however, 
differences in voltages in the fuel shortage tests exceed 30 mV. 
Efficiencies were decreased very much. 

4. Investigation of Contact Angle of carbon-based material 

[0127] To investigate contact angle of the carbon-based material with 
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water in the anode diffusion layer and the cathode diffusion layer, electrode 
assemblies of Samples 1 to 4 were prepared in a manner similar to that of 
Example 13 except for using carbon-based materials each having different 
contact angle with water, and fuel shortage tests similar to those described 
above was performed. The results are shown in Table 5. 
Sample 1 

[0128] Except that the immersion time in hot water in the hydrophilic 
treatment of the carbon paper for the anode diffusion layer was controlled 
so that the contact angle with water was 100°, a membrane electrode 
assembly MEA of Sample 1 was prepared in a manner similar to that of 
Example 13. 
Sample 2 

[0129] Except that the immersion time in hot water in the hydrophilic 
treatment of the carbon paper for the anode diffusion layer was controlled 
so that the contact angle with water was 130°, a membrane electrode 
assembly MEA of Sample 2 was prepared in a manner similar to that of 
Example 13. 
Sample 3 

[0130] Except that the immersion time in hot water in the hydrophilic 
treatment of the carbon paper for the cathode diffusion layer was controlled 
so that the contact angle with water was 100°, a membrane electrode 
assembly MEA of Sample 3 was prepared in a manner similar to that of 
Example 13. 
Sample 4 

[0131] Except that the immersion time in hot water in the hydrophilic 
treatment of the carbon paper for the cathode diffusion layer was controlled 
so that the contact angle with water was 75°, a membrane electrode 
assembly MEA of Sample 4 was prepared in a manner similar to that of 
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Example 13. 
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[0132] As is clear from Table 5, in Samples 1 and 2 having larger contact 
angle of carbon-based material than that of the range of the present 
invention (that is, water-repellent), water which must be retained in the 
anode diffusion layer migrates to the anode catalytic layer, and flooding 
occurred in the anode catalytic layer, and in Samples 3 and 4 having 
smaller contact angle of carbon-based material than that of the range of the 
present invention (that is, hydrophilic), water generated in the cathode 
catalytic layer is retained in the cathode, and flooding occurred in the 
cathode catalytic layer, and therefore, in spite the penetration resistance 
being not more than 5 mQ, the voltage difference in the fuel shortage test 
undesirably exceeded 30 mV. 

[0133] As explained above, by the present invention, the reverse diffusion 
water amount from the cathode to the anode can be increased, and water 
holding property is given to the anode diffusion layer, not to the anode 
catalytic layer. Therefore, water is supplied from the anode diffusion 
layer to the anode catalytic layer under conditions of fuel shortage, and the 
water is electrolyzed in the anode catalytic layer to supply protons to the 
polymer electrolyte membrane. Efficiency deterioration can be restrained 
even under fuel shortage conditions. 
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